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EVALUAT{ON 3

The Report constitutes a detalled state-of-the-art assessment
of the QUINCE System tor Chinese-Engiish machine transiation
of S&T literature, The curraent version of the System conslists
of nine major modules controlling the translation process and ,
a8 repertory ot utilities controliing 1/0 operations, format 1
conversion, debugging and optimization. The System's i
programming documentation Is provided separately in Vois | - 9
(application software).and 10 = I3 (utilitles). The System
inciudes a variety of data bases, an extensive software package
tor implementation of the transiation process, and a set of
lingulstic devices Implicitly incorporated in lingulstic and 1
programming componants to optimize the anaiysis ot Chinese ;
and English, A detalied description of the System is provided

in Section 11,

Judging from the viewpoint of schoiastic merit, Sectlons 11}
and iV constitute the most significant contributions to this
Report, Section 11l contains an exceptionaliy comprehenslve
and thoroughly researched critique-in-depth of the current
state of the art in computational syntactic description of
natural languages, including 8 statement of Its Impilcations
tor 8 turther deveiopment of the QUINCE System, It is
concluded that grammars wlith structured vocabulary play an
important roie In ail current language processing systems,
including the QUINEE System in which thls concept is
elaborated in 8 more systematic manner than in other ianguage
processing systems, It J.iso appears that a grammar notation
based on Knuth's attribute grammars offers the most promising
vista for a further deveiopment of the System, Section iV
provides an exhaustive discussion of possibiiities for a

] turther consoiidation of the ilinguistic data base in terms of

| the featurized iexicon and interliingual transter rules. A

& continuing enhancement of the dlversifled feature subsystem

: and contrastive lexlcal/syntactic studles of Chinese and

tnglish, combined with contextual analyslis ot language~
specific characteristics of Chinese 2re offered as the most
promising soletions In thils area.

7ot

%tlb L. (Da.. X ru}
ZB'GNIEW L, PANKOWICZ
Technical tvaluator
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SUMMARY

This report presents th2 results of a nine-month period effort to
document the Berkeley Chinese-English machine translation system (Ouince
system), to take inventory of all research materials, and to report on the
current state of the art in linguistic theory, computational linguistics, and
data processing techniques for advancement of the Quince system to the status
of an initial operational capability in one sub-discipline of physics.

A detailed textual description of the Quince system modules plus a body
of figures and tables are provided to assist the reader in conceptualizing
the system and reading the program code listings appended in the Supplements
to this report. An itemized inventory of both the hardware and software of
the translation system is presented. We review the current state of the art
in new syntactic descriptive methods with structured vocabulary, such as van
Wijngaarden grammars, Koster's affix-grammars, and Knuth's attribute-grammars,
which were developed for defining programming languages, but which are
suitable for computational use in machine translation systems for natural
languages. The existing linguistic data base of the system is reviewed in
the light of current linguistic theory and of recent advances in artificial
intelligence and computational linguistics. Suggestions for consolidating
the linguistic data base and enhancing the parsing facility are made to
advance the system to an initial operational capability.
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1. INTRODUCTION

The Univeraity of California Chinese-English machine translation
research project was initiated in 1960 under a National Science Foundation
grant. From 1967 to 1975 the Project was supported by the Department of
the Air Force (Rome Air Development Center) under five contracts. These
efforts have culminated in the development of the Syntactic Analysis
System and the emerging of the Muince system for translation from Chinese
to English.

However, owing to the ahrupt termination of the previous contract
in 1975 (F 30602-75-C-0059), the Ouince system programs were left incomplete
and their documentation has never had the chance of being adequately carried
out. The present contract (F 30602-77-C-0098), covering a period of
nine months, May 1977 to January 1978, provides the Project with an
opportunity to fully document the Quince system programs as currently
implemented and to reassess the whole translation system in the light of
recent advances in linguistic theory, computational linguistics, artificial
intelligence, and computer science. The documentation and inventory of

i e o A

the system and its reassessment will provide a smooth transition for
any ensuing effort in Chinese-English machine translation research.
The documentation and inventory of the system and its reasaessment are
the two major sections of this report. Chapter Two will be devoted to
the firat task, and Chapters Three and Four the second.

The Quince system, conceived as an integrated Chinese-English
machine translation system, consists of two major components: the lin-
guistic data base and system programs, Chapter Two presents a textual
description of the Miince system software, keyed to the Supplements. It

concentrates on those aspects least amenable to mechanical documentation:
overviews of the system as a whole, the interface between major modules,
and {nternal data structures. This chapter also includes a body of
figures and tables to assist the reader in conceptualizing the translation
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ayltcn and reading the 5npp1cnoa:t.

" There are thirtesn Supplements altogotm Supplumts One through
Nine detail the contents of nine major modules of Quince system code.
These are mechanically-produced docunentation; tha: explicitly extract
the storage aress and the calling sequences of each sub-program. Each
supplement contains three volumes: thnISOutce Code Listing, and the
Coding Internals Manual volumes I and II.

The remaining four supplenenta are nechunlcally—ptoduced documenta-
tions of the utilities programs, and three types of storage documentation
(loader storage, Common Block, and field function).

An itemized inventory of the hardware belonging to the U.S. govern-
ment and the software related o the translation system is presented in
the Appendix to Chapter Two.

Chapter Three reports on the state of the art in computational
syntactic description of natural languages, It reviews context-free
grammars and points out their inadequacies for handling natural languages
and their clumsiness for human consumption. Van Wijngaarden's model
for context-free grammars with structured vocabulary is presented to
remedy the inadequacies of and avoid the clumsiness inherent in context-
free grammars. The history of the use of structured vocabulary in lin-
guistic descriptions is traced to some pre-Chomskyan structural linguists.

Restrictions on the generative capacity of van Wijngaarden grammars
are discussed to arrive at a class of grammars easier to write and easier
to parse. Related formalisms, i.e. Koster's affix-grammars and Knuth's
attribute-grammars, are also explored and compared with other types of
van Wijngaarden grammars. Finally, it is pointed out that the use of
structured vocabulary in describing the Chinese grammar has been a topic
of research at the Project since at least 1970. Future tasks and research
areas for the Project are defined and strategies suggested.

In the last chapter, two components of the linguistic data base,
the dictionary and interlingual transfer rules, are examined. To ensure
better interactions between the two major sub-components of the grammar,
the syntactic rules and lexicon, more lexical features are needed in the

future grammar. Various kinds of the lexical features, their nature




and functions, and procedures to extract the lexical information from the
existing grammar codes are discussed.

The status of the interlingual transfer rules in the translation
cycle of the system is examined. Different types of the interlingual
transfer rules and the formalisms to be used in the future are also
discussed.

In addition, more contrastive lexical and syntactic studies between
Chinese and English and contextual analysis are recommended in the future
to strengthen the two components above of the linguistic data base.
Strategles to achieve this goal are also briefly described. Areas
where those studies will lead to the improvement of the linguistic data base

are exemplified.
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| II. DESCRIPTION AND DOCUMENTATION OF THE ‘
‘ QUINCE MACHINE-TRANSLATION SYSTEM ?
|

1. Introduction

i The Quince system is an integrated system for the machine translation
| of scientific texts from Chinese to English, developed at the Project on

' Linguistic Analysis, UC Berkeley. It includes several components: a large 1
| corpus of linguistic materials, such as texts, dictionary, and grammar; an

extensive body of software to implement the translation; and a set of lin-

gulstic insights about how Chinese and English should best be analysed,

which are implicitly incorporated within both the linguistic and programming

materials.

The second component of the Quince system, the body of computer code

written to perfovm the translation, is documented in this chapter and in the !
13 Supplements appended to this report. It cannot, of course, be totally
separated from its data base or theoretical approach. This component,
however, has been under-documented in previous reports, and so it 1is pre-
{ sented here in isolation.
i Supplements 1-9 detail the contents of 9 major modules of Quince '
| system code. Fach Supplement contains 3 volumes: the Source Code Listing,
f and the Coding Internals Manual in 2 volumes. These are mechanically-
| produced documentations that explicitly extract the storage areas and the
i calling sequences of each subprogram. These nine modules include the six
| '"main' modules, two 'supplemental' modules, and one module (the Parse Table
Print Module) used for program debupging and linguistic research. Fach
module is written in Fortran.
The remaining four Supplements are mechanically-produced documentations
of the utilities programs (Fortran as well as assembler), and three types
of storage documentation (loader storage, Common Block, and field function).
This chapter presents a textual descriptfon of the Quince system

software, keyed to the Supplements. It concentrates on those aspects least

L!llllInIlnI!llIIIIIIIIIIIIIIIIII-lIllllllIIIlIIIIIIIIlIlIllllIlI-llllllllllllllllllllllﬁliiﬂiiiiﬁil
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amenable to mechanical documentation: overviews of the aystem as a whole,
the interface between major modules, and internal data structures. This
chapter also includes a body of appended tables to assiat in reading the
Supplementa.

To large extent, the Quince system can be ‘'understood' by the flow and
structures of the data at different atages of processing. The four exter-
nal dats files are the ultimate bases of the translation; of these, it can
be said that the text is passed from module to module, sometimes in its
entirety, sometimes segment-by-segment. This necessitates temporary inter-
face files. Likewise, the grammar and its external/internal code conversion
table reside in binary files. Within each module, segments of text are
manipulated using data structures which are field function tables; these in
turn réside in Common Blocks, that permit communication within and between
modules. This chapter describes these data and storage details, as a
documentation-by-effect of the Quince system.

The Quince system documented here is Version .8; this is ta indicate
that it is substantially complete, ready for documentation, but not finished.
The translation from Chinese to English would be greatly improved if some of
the data bases were enhanced, in particular by the addition of feature in-
formation to the dictionary and grammar; this would also be utilized by the
tranafer rules (see Chapter 4). The Quince system has prepared for these
proposed changes in the data base, but until they are made available the
syatem cannot be considered complete. Even so, the Quince system in its
current form is a major research result in the field of machine translation.

2. External Data Bases
The Quince system has available four external data bases: a Chinese-

English dictionary, a set of grammar rules for parsing Chinese, a set of
Chinese telecode substitutions, and a raw text to be translated. (Sce

Figure 1.)

o
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2.1 Dictionary
The Chinese-English dictionary exists in two bodiea: the master CHIDIC

(80,000 entries), and the smaller PHYDIC (40,000 entries). PHYDIC contains
most general-~purposa Chinese words, as well as technical terms in the tieldu
of physics and mathematics, It is a subset of CHIDIC, which in practice is
too cumbersome to maintain during research. Both dictionaries are in the

sane format. Each dictionary entry contains information on the grammatical
category (terminal aymbol) of the item in Chinese and its translation in
English, keyed to telegraphic codes.

2.2 Grawmar

The grammar is a set of context-free production rules, or source rules,
which define the surface structure of Chinese; it is necessary to fully parse
each segment of Chinese text before translation, as the structures of Chinese
and English are so different. The grammar actually consists of 5 subgrammars,
each of which handles a particular level in a parse-tree. These subgrammars
are usually applied in sequential order. The size of each subgrammar is as
follows:

125 rules
500 rules
Crammar 3 =~ - 2400 rules

A
]

Grammar 1

Grammar 2

Grammar 4 - - 340 rules

Grammar 5 <« - 2750 rulea

Many source rules are included in more than one subgrammar; in particular,
Grammar 3 and Grammar 5 larpely overlap.

2.3 Telecode Substitution Table
For every Chinesc character there is a corresponding 4-digit telecode:

this is the coding scheme used in the dictionary and in the taxt. There is,
however, a set of characters that optionally subatitute for one or more
other characters, Accordingly, whenever potential substitution characters
({.e. telecoden) arc encountered, their possible corresponding character(s)
must also be made subject to dictionary lookup. These correspondences ave
found in the external telecode substitution table.

T R T oo o g o ok
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2.4 Text

The Chinese text to be translated includes 565,000 characters from
physics and mathematics texts; it is broken down into subtexts for conve-
nience. The text is not pre-edited: abbreviations are not expanded, tele-
code substitutions are not corrected for, different number-systems (e.g.
classical, modern and Western) are left to co-exist, etc. In particular,
the inconsistently-applied Chinese punctuation marks remain as in the origin-
al. The only additions are position-in-volume information for maintenance
and identification purposes.

2.5 Formats

The four external data bases are maintained in an "external' format
suitable for human maintenance: character strings, mnemonic category symbols,
pronunciation information together with the telecodes, etc. Each file has

e it8 owm set of software maintenance routines, peripheral to the Quince

system and not here documented.

Because there have been no random-access facilities on the CDC 6400
at the University of California at Berkeley, these external files are fixed-
field sequential files, stored on magnetic tape. During a previous contract
period it seemed that such hardware facilities might become available;
accordingly a random-access dictionary was designed, and a random dictionary
software module was written to perform both telecode sudbstitution and
dictionary lookup. Thia module is one of two "supplemental" modules fully
documented in this report. Were the random-access storage to become avail-

able, this random dictionary module would replace the present vestigand

forration and dictionary lookup modules, and the present sequential diction-
ary format would become obsolete (sce Figure 1).

As presently implemented, two of these external files are converted to
an "internal" format before participating in the translation process: the

table of telscode substitutions becomes an internal hash table in the module
INVEST, and the grammar source rules are adapted into an automatically-

allocated table by the module ADAPTG. The dictionary remains in external
format; it is read through in one pass during the lookup process. The text
first undergoes pre-editing, or canonization, and then is successively
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broken down into smaller translation units; each unit is read in in external
format, processed in internal format, and then saved on an intermediary
interface file in external format.

2.6 Additional Data Bases
As originally designed, the Quince system included two more external
data bases: a set of interlingual transfer specifications, and information

on English morphology. These would, reapectively, govern the transformation
| or transfer of a Chinese parse tree to an English tree, and tidy up the
surface of the final string, by e.g. agrcement in number and tenase.

At present, these two data bases do not exist. The transfers have
been approximated by reducing them to two tree operations: deletion and re-
versal of nodes. These are triggered by the application of specific grammar
rules, vhich leave "tranafer" codes on the node labals of the Chinese tree
during parsing. In anticipation of a separate body of transfer specifica-

tions, the Quince systea does not include a transfer module. These ias
instead a temporary interface module with the old SAS Syntactic Analysis
Syatem, which performs these limited tranafera and also provides plotting
capabilities for the resulting trees on the Calcomp plotter. The trees are
then returned to the (uince aystem for string extraction. This SAS compati-
bility module is the second"supplemental" module documented in this report.

f As presently implemented, each English word assumes its root dictionary
§ form during string extraction, without morphological adjustment. The result-
% ing translation is rough but reasonadbly comprehensible.
: Chapter 4 outlines future plans for these two additional data bases.
Once the interlingual transfer rules are available, an additional Quince
module transfer will modify the Chinese parse tree prior to string extraction.
The string extraction module will be expanded to include information from
the morphological rules.

Figure 1 illustrates the relationship between the four external data
bases and the six main Quince modules: it also includes the two supplemental

LB

modules, as well as two future data bases.
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3. Internal Nata Storage

During translation, the six Quince modules process the text in two
modes: text-by-text (batch) and segment-by-segment. In batch mode, the
entire body of text must pass through one module before entering the next;
this is e.g. the case while preparing for dictionary lookup, since the entire
text is looked up in the dictionary in one pass. In segment-by-segment
processing, a single segment (translation unit) is passed through several
modules. Obviously there is segment-by-segment processing within each of

the six modules -- the distinction only becomes useful in discussing the
interaction between modules.

The Quince modules pass information between each other in three possi-
ble forms: interface files, binary files, and module storage tables. These
differ both in size and function, and are determined largely by the mode of
processing.

During batch mode, the text is passed from module to module in the form
of external interface files. These are of variable length (depending on the
size of the text), and are written on tape as sequential character files.

There are 5 Interface files; each is written as output by one module, and
rewound for use as input to the next module.

Binary files are used for two large internal bodies of data which can-
not be accomoodated in-core. One is the table of category (terminal) symbols,
which relates the external strings coding these symbols to their internal
hash-table codes; this table is used during both dictionary lookup and
grammar adaptation, as both the dictionary and grammar source rules are ex-
ternal data bases. The second table is that of the adapted grammar itself --
this includes all five subgrammars, of which only one is in use during any
one parse.

Once built within the translation run, these two tables are variocusly
stored as binary files on tape, or as common files on system storage --
these storage allocations are performed automatically, depending on availa-
bility of space, to eliminate the repeated reconstruction of these tables and
to min<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>